The aim of this study was to determine the normality or otherwise of neurohormone indices, particularly the sympathetic nervous system, in pre-eclamptic patients and document whether changes in body posture magnify any differences between pre-eclamptic and normal women. We studied 11 women with pre-eclampsia and compared them with 17 matched normotensive pregnant women and eight nonpregnant women. Measurements of arterial pressure, heart rate and neurohormones were carried out with subjects in the left lateral position, then supine, left lateral, with upright posture and finally with assumption of the left lateral position again. Main outcome measures were arterial pressure, heart rate and hormones (plasma norepinephrine, renin activity, natriuretic peptides and endothelin-1). We observed that plasma norepinephrine levels were higher in pre-eclamptic than normotensive pregnant women and this was most obvious in the upright position. Plasma renin activity was likewise higher in pre-eclamptic than normotensive pregnant women, again most obvious with upright posture. Plasma natriuretic peptides and endothelin-1 levels were similar in pre-eclamptics and normotensive pregnant women. These data strengthen the premise that pre-eclampsia is associated with sympathetic overactivity as reflected by plasma norepinephrine levels, most obviously observed in the upright position.
Introduction
Pre-eclampsia is a complex hypertensive disorder arising during the second half of pregnancy and resolving after delivery. Compared with the normal pregnant state, pre-eclampsia is characterized by vascular endothelial dysfunction, salt and water retention, abnormalities in renal function and heightened vascular responsiveness to angiotensin II and norepinephrine. [1] [2] [3] [4] Support for a role of the sympathetic nervous system in the development and maintenance of hypertension in pre-eclampsia has increased in recent years. In particular, recordings of sympathetic outflow to skeletal muscle 5, 6 and measurements of plasma norepinephrine levels through 24 h 7 have both pointed to heightened sympathetic activity in the pre-eclamptic state. We decided to test the hypothesis that changes in body posture might magnify differences in neurohormonal indices, especially plasma norepinephrine, between preeclamptic women and controls.
Methods
A total of 11 primigravid women with pre-eclampsia were studied during the third trimester (between gestational weeks 36 and 40, Table 1 ). For comparison, 17 women matched for parity, age and gestation and eight non pregnant women matched for parity and age underwent an identical study protocol. Five pre-eclamptic, eight normotensive pregnant women and eight nonpregnant women were studied in Christchurch Hospital, New Zealand, and six pre-eclamptic and nine normotensive pregnant women were studied in Helsinki University Hospital, Finland. The nonpregnant women were studied in the luteal phase of the menstrual cycle (1 week before expected menstruation). All women were Caucasian.
Pre-eclampsia was defined by a blood pressure (BP) of greater than 140/90 mmHg on at least two occasions after 20 weeks gestation, and proteinuria of Z0.3 g/24 h or Z1 þ on dipstick. 8 Patients were excluded if there were signs of fetal distress on cardiotocography, severe pre-eclampsia (BPZ170/ 110 mmHg), urine protein excretion greater than 5g/24 h or severe intrauterine growth retardation (À2 s.d.). Women were also excluded if they had diabetes, any secondary form of hypertension, or if they were receiving medication of any sort including aspirin. Neither patients nor controls were smokers, and caffeine-containing drinks were avoided for 12 h before the study.
Patients and controls were studied at either the Endocrinology Test Center in Christchurch Hospital, Christchurch, New Zealand or the Department of Obstetrics and Gynecology at the Helsinki University Hospital, Helsinki, Finland. All women gave fully informed, signed consent before entering the trial. The study was approved by the Ethics Committee of the Southern Regional Health Authority (Christchurch) and the Ethics Committee of Department of Obstetrics and Gynecology of the Helsinki University Hospital (Helsinki).
All three study groups followed an identical study protocol. The women arrived at the hospital study centres at 0800 hours after fasting overnight. An intravenous line (18-gauge catheter) was inserted in a forearm vein for measurements of hormones and biochemical indices. The first venous sampling was made after 30 min resting in the left lateral position at 0900 hours. There after the subjects were supine for 10 min, in the left lateral position for 15 min, standing for 10 min and finally resting again in the left lateral position for 30 min. Venous sampling was performed at the end of each postural phase followed by recording of arterial pressure and heart rate using an automated recorder (Electronics Services Limited). The accuracy of this recording device was checked regularly against a mercury manometer.
Venous samples were taken into containers on ice, centrifugated at 4 o C and 7000 rpm for 10 min, and the plasma stored at -20 or -801C until analysed. Plasma and urinary levels of sodium and potassium, and plasma levels of urate were analysed from the baseline samples (left lateral after 30 min rest). All hormones were measured in the Endocrine Laboratory of Christchurch Hospital. Plasma samples from the Finnish patients were couriered in dry ice to Christchurch.
Radioimmunoassay methods were used for measurements of atrial natriuretic peptide (ANP), 9 brain natriuretic peptide (BNP), 10 endothelin-1 (Peninsula kit; Peninsula Laboratories, Belmont, CA, USA), renin activity 11 and aldosterone. 12 Plasma norepinephrine was measured by high-performance liquid chromatography. 13 All samples from each patient were measured in a single assay to avoid interassay variability. Intra-assay coefficients of variation were between 3.6% for ANP and 6% for norepinephrine.
Results are expressed as arithmetic means (7 s.d.) unless otherwise stated. Pregnancy data and baseline indices (biochemistry, hormones, BP, heart rate and haematocrit) were compared between the three groups using analysis of variance (ANOVA). Where the ANOVA indicated significant differences between patient groups, these were further explored Hormones in pre-eclampsia RJ Kaaja et al using pairwise least significant difference tests. For the BP, heart rate and hormone data, differences from one posture to another were compared between the groups using ANOVA for repeated measures. The statistical significance of relationships between variables (heart rate and systolic BP and hormones) was assessed using a general linear model approach.
Results
The three groups were comparable for body mass index and age, and the two pregnant groups were comparable for gestational weeks at testing and delivery, Apgar score at 1 min and mode of delivery ( Table 1 ). The bodyweight of the newborns tended to be lower in pre-eclamptic women (NS). Plasma sodium was higher in nonpregnant than pregnant women, but urinary sodium excretion, although lower in the pregnant women, did not differ significantly between groups. Pre-eclamptic women had a higher haematocrit than the normotensive pregnant group (Table 1) .
Baseline comparisons recorded at 0900 hours after 30 min in the left lateral position showed BP, heart rate and epinephrine levels to be higher in preeclamptic patients than in the other two groups (Table 2) . Plasma norepinephrine levels were lowest in the normotensive pregnant women, while Plasma renin activity (PRA) and aldosterone levels were lower in normal controls than in either of the pregnant groups. Plasma levels of ANP, BNP, endothelin and insulin did not differ between groups (Table 2) . Utilizing data from all time points, systolic and diastolic arterial pressures (Po0.001), heart rate (Po0.05), PRA (Po0.05) and norepinephrine levels (Po0.01) were all higher in pre-eclamptic than in normotensive pregnant women.
Pre-eclamptics overall had higher levels of systolic and diastolic arterial pressure (Po0.001), heart rate (Po0.01), PRA (Po0.001) and aldosterone (Po0.001) than nonpregnant women, and the normotensive pregnant group overall (all data) had significantly higher heart rates (Po0.01) and higher levels of ANP (P ¼ 0.01), PRA (Po0.05), aldosterone (Po0.01) and norepinephrine (Po0.05) than nonpregnant women.
Change from left lateral to the supine position decreased systolic pressures in pre-eclamptic women whereas the opposite occurred in the normotensive group (Figure 1, Table 3 ) and nonpregnant controls: the difference in response between the two pregnant groups was statistically significant Hormones in pre-eclampsia RJ Kaaja et al (Po0.001). Return to the left lateral position again was associated with directionally opposite changes in systolic readings for pre-eclamptics who exhibited a rise, and the other 2 groups in whom systolic pressures fell (Po0.01 for comparison between the two pregnant groups). Otherwise, changes in systolic and diastolic arterial pressure and in heart rate were directionally similar in the three groups although magnitude of change was significantly different on occasions (Table 3) . With regard to neurohormones, changes in PRA and norepinephrine with upright posture and in norepinephrine with final resumption of the left lateral position were greater in pre-eclamptics than normotensive pregnant women (Po0.05, Figure 1 , Table 4 ). Changes in ANP, BNP, epinephrine and endothelin-1 levels with posture were not different between the three groups (data not shown).
Correlations between indices across alterations in body posture were noted. There were strong, positive associations between concomitant changes in systolic BP and plasma norepinephrine for all patients combined (Po0.001), in pre-eclamptic (Po0.01) and normal pregnant groups (Po0.001), but not so in nonpregnant controls alone. Differences in these associations between groups, however, were not statistically significant. Likewise, there were significant, positive associations between posture-related changes in diastolic BP and norepinephrine for all women combined (Po0.001), within each of the three groups (Po0.05 to o0.001), but there were no statistically significant differences between groups. Similar observations were made for changes in plasma epinephrine, which correlated with time-matched changes in systolic and diastolic pressures for all women combined (Po0.001 for both) and within nonpregnant and pre-eclamptic groups (Po0.05 to o0.01) but not in normotensive pregnant women.
Discussion
The pathophysiology of pre-eclampsia remains imperfectly understood. There is evidence for perturbations in neurohormonal indices, particularly activation of the sympathetic nervous system. [5] [6] [7] If indeed there are important neurohormone alterations in pre-eclampsia, we hypothesized that these abnormalities might become more obvious with some body positions than in others. Accordingly, we studied our women in different body positions with careful attention to matching and time of day to avoid the effect of diurnal patterns. 7 We realized that the brief time periods nominated for each body position (especially supine and standing) might be insufficient for full manifestation of hormone responses, but more prolonged intervals were viewed as impractical.
Our major observation is that the pre-eclamptic women had higher plasma norepinephrine levels than the normotensive pregnant women that were most obvious in the standing position. In that levels of arterial pressure and heart rate were also higher in the pre-eclamptics than normotensive pregnant women, it is tempting to suggest that activation of the sympathetic nervous system is central to these haemodynamic changes. Some caution is needed, however, since circulating catecholamines reflect not only the production rate of norepinephrine but also its clearance rate from plasma. 14, 15 Furthermore, venous norepinephrine levels give no indication of the source of the hormone-whether it be mainly cardiac, renal or skeletal muscle,etc. 14, 15 It is entirely possible furthermore that withdrawal of parasympathetic activity might contribute to the haemodynamic abnormalities in pre-eclampsia.
Our finding of increased levels of norepinephrine in pre-eclampsia are supportive of the observation of Polonia et al. 16 These authors reported increased plasma norepinephrine levels in nine women with pregnancy-induced hypertension compared to eight normotensive pregnant women. In contrast to the present study, however, there was no accentuation of this difference between groups with upright posture. 16 It is probable that differences in study protocols account for these discrepant responses to upright posture. For example, the subjects in the report of Polonia were supine (rather than in the left lateral postion) prior to the standing phase, they were upright for fifteen (rather than ten) minutes, and dietary sodium intake was not assessed or measured. 16 A majority of studies have reported decreased activity of the renin-angiotensin system in preeclampsia, 17 although there have been contrary reports. We observed PRA to be higher in both pregnant groups compared with the nonpregnant subjects, as expected. However, we also noted that PRA was higher in pre-eclamptic than in normotensive pregnant women, most obviously in the standing position, as was the case with plasma norepinephrine. In that sympathetic inervation of the juxtaglomerular apparatus is one important regulator of renin release, 18 and since changes in PRA and norepinephrine with upright posture were greater in pre-eclamptics than normotensive pregnant women, it is entirely possible that heightened sympathetic stimulation of the kidney explains the vigorous renin response we observed with upright posture.
Whereas previous studies have reported various directional differences in ANP and BNP between healthy pregnant and pre-eclamptic women, 19, 20 we observed no clear difference in either ANP or BNP between the two pregnant groups.
We noted that systolic BP declined when body posture changed from the left lateral to the supine position in pre-eclamptic women, and rose again on assuming the left lateral position. Directionally opposite changes occurred in the normotensive pregnant women. We are not aware of previous observations for this stage (36-40 weeks) of pregnancy although Gant et al 21 reported that women between 28 and 32 weeks of gestation who were destined to later develop pre-eclampsia exhibited a substantial rise in diastolic pressure when turned from the left lateral to the supine position. In fact, changes in diastolic pressure with these changes in body posture were of lesser magnitude (significantly so upon resumption of the left lateral position) in our pre-eclamptic patients than matched normotensive pregnant women. Differences in our and Gant's data might relate to the stage of pregnancy in question.
In summary, circulating norepinephrine levels were higher in pre-eclamptics than normotensive pregnant women, and the difference was most obvious with assumption of the upright position. These data add weight to previous studies suggesting that pre-eclampsia is characterized by activation of the sympathetic nervous system. The data are also consistent with the possibility that heightened sympathetic activity might contribute to the higher BP and heart rate associated with pre-eclampsia and may contribute also to the higher levels and exaggerated response of PRA to upright posture.
